Two hundred eighty-eight beef steers (British x Continental x Brahman) were fed a 90% concentrate diet containing either no ionophore (control), laidlomycin propionate at either 6 or 12 mg/kg of dietary DM, or monensin plus tylosin (31 and 12 mg/kg of DM, respectively). Neither of the two levels of laidlomycin propionate nor monensin plus tylosin affected (P > .lo) ADG or feed:gain ratio. Monensin plus tylosin reduced (P < . O l l daily DMI for the 161-d trial period compared with the other three treatments. Laidlomycin propionate a t 6 mg/kg increased (P < .05) DMI relative to the control, laidlomycin propionate at 12 mg/kg, and monensin plus tylosin diets during the 2nd wk of the trial and from d 57 to 84. Treatments did not affect carcass measurements. In a second experiment, 12 ruminally cannulated steers were fed diets containing no ionophore or laidlomycin propionate at either 6 or 12 mg/kg of Key Words: Beef Cattle, Intake, Laidlomycin DM. Samples were obtained for two consecutive days while the dietary concentrate level was 75%, after which the diet was switched abruptly to 90% concentrate, and samples were collected on several days during a 21-d period. The rate at which steers consumed their daily allotment of feed was not altered markedly by laidlomycin propionate. Likewise, laidlomycin propionate did not affect total ruminal VFA concentrations or proportions. Ruminal concentrations of D-lactate were reduced (P c .lo) by 6 but not by 12 mg/kg of laidlomycin propionate. Ruminal pH was not affected in a consistent manner by treatments, but 12 mg/kg of laidlomycin propionate increased both peak and overall ruminal ammonia concentration on several sampling days. Results suggest that laidlomycin propionate is as effective as monensin plus tylosin for growing finishing cattle, and that some ruminal changes with laidlomycin propionate depended on the dose that was fed.
Introduction 'This research was supported by the New Mexico Agric.
Laidlomycin propionate is a polyether ionophore that is not yet approved by the Food and D~~~ Administration (FDA). ~~~l~t of the parwith short-chain fatty acids from 2 to 12 carbon atoms in chain length (Spires and Algeo, 1983) enhanced propionic acid production in in vitro ruminal cultures and improved feed:gain ratio in steers. More recently, Spires et al. (1990) summarized results of several feeding trials and indicated that laidlomycin propionate a t dietary concentrations ranging from 6 to 12 mg/kg of DM improved both ADG and feed: gain ratio. Hence, laidlomycin propionate is effective a t much lower dietary concentrations than either monensin or lasalocid, the two ionophores currently approved by the FDA.
Previous research with laidlomycin propionate was conducted with a variety of diets, ranging in NEg concentration from 1.08 to 1.49 Mcal/kg of DM (Spires et al., 1990) . In addition, cattle in those initial trials were not implanted with growthpromoting agents, whereas most feedlot cattle in production situations are implanted. Our first objective was to evaluate the efficacy of laidlomycin propionate at 6 and 12 mg/kg of dietary DM for implanted steers fed a high-energy diet. In addition, we compared diets containing laidlomycin propionate to a diet containing monensin plus tylosin. Because laidlomycin propionate seems to have little effect on feed intake by cattle, and effects of laidlomycin propionate on in vivo m inal fermentation are largely unknown, our second objective was to evaluate the rate of feed intake and ruminal fermentation patterns in beef steers fed a control diet or diets containing 6 and 12 mg/ kg of laidlomycin propionate in the dietary DM.
Experimental Procedures
Feedlot Trial. Two hundred eighty-eight crossbred (British x Continental x Brahman) steers (medium-to large-framed) were shipped from millet pasture at Clarendon, TX on July 5, 1990 , to the Clayton Livestock Research Center. Each steer was weighed, ear-tagged, and branded. Dehorning was done as deemed appropriate. Intramuscular injections of 2 mL of a vitamin A and D solution (Lextron, Greeley, CO; 5 x lo5 IU of vitamin A and 75 x lo3 IU of vitamin D per milliliter) and 2 mL of IBR-PI3 vaccine (Norden Labs, Lincoln, NE; modified live vaccine) were administered, along with 5 mL (S.C.) of a seven-way clostridial vaccine (Clostridium chauvoei, septicum, novyi, sordelli, perfringens C and D; Lextron). Each steer also received 1 mL/50 kg of BW (s.c.1 of Ivermectin (Merck and Co., Rahway, NJ). After processing, cattle were housed in feedlot pens and fed a 75% concentrate (steam-flaked milo base) diet that did not contain a n ionophore.
On August 9, 1990 , steers were removed from feed and water at approximately 1300. Starting at 0800 on the next day, all steers were weighed and implanted with Synovex S@ (Syntex Animal Health, West Des Moines, IN. Further, each steer was scored visually by one observer for percen Four diets were formulated for the trial. Three of these diets were designed to be fed during the initial 14 d of the experiment, a time during which steers were switched gradually from a 75% concentrate diet to the final 90% concentrate diet (Table 1 ). The 75% concentrate diet was fed for 5 d, an 80% concentrate diet was fed for the next 5 d, and a n 85% concentrate diet was fed for the next 4 d, after which the 90% concentrate diet was fed. During the time that the 75 and 8 0 % concentrate diets were fed, the level of monensin plus tylosin was set a t half the final concentration for this treatment.
Calculated NE, and NEg concentrations of the 90% concentrate diet (NRC, 1984) were 1.95 and 1.42 Mcal/kg, respectively. Mixing and feeding order of treatment diets throughout the experiment was M/T, C, L-6, and L-12. This mixing order was used to minimize cross-contamination of diets GALYEAN ET AL. with different ionophores. Dry matter determinations on major ingredients used in the diets were made every 2 wk throughout the experiment to calculate the percentage of each dietary ingredient on a DM basis. In addition, samples of mixed feed delivered to feed bunks were taken weekly throughout the experiment. Bunk samples were composited for each 28-d period of the trial, ground to pass a 2-mm screen in a Wiley mill, and analyzed for DM, ash, CP, ADF, Ca, P, Na, and K (AOAC, 1990;  Table 2 ).
Each feed bunk was evaluated visually a t approximately 0730 daily. The quantity of feed remaining in each bunk was estimated, and the daily allotment of feed for each pen was recorded. This bunk reading process was designed to allow for a minimal accumulation of unconsumed feed. At the end of each of the first 4 wk of the experiment, and at 28-d intervals thereafter, any feed remaining in bunks was weighed, and the DM content was determined (forced-air oven for approximately 20 h at lOO"C1.
On On d 28, 56, 84, and 112 of the experiment, all steers were weighed before the morning feeding; these nonshrunk weights were taken to assess performance of the cattle on a regular basis. Because the heavy block of steers was deemed to have reached a n appropriate degree of finish (approximately 75% of the cattle in each pen estimated to have sufficient finish to grade USDA Choice) by d 112, the 112-d BW measurement for these cattle was taken after a n 18.5-h withdrawal from feed and water. Steers in the medium block were deemed finished on d 133 of the experiment and were weighed after withholding feed and water for 18 h. A BW measurement was taken on the light block (18-h shrink) on d 161. Carcass data were obtained on all steers after slaughter a t a commercial packing plant. Measurements included hot carcass weight, longissimus muscle area, marbling score, percentage of kidney, heart, and pelvic fat, fat thickness measured the 12th and 13th ribs, and liver abscess score. Liver abscess scores were recorded on a scale of 1 to 4, with 0 = no abscesses, 1 = A-, 2 = A, 3 = A+, and 4 = liver condemned for reasons other than abscesses. Three steers died during the course of the experiment (bloat or acidosis), and one steer suffered a broken leg and was removed from the experiment after the 112-d weigh period.
All data were analyzed with pen considered to be the experimental unit. A completely random block design was employed, and computations were made with the GLM procedure of SAS (19871. Pen means for ADG and daily DMI were used to calculate feed:gain ratio as daily DMI divided by ADG. The statistical model for overall ADG, DMI, and feed:gain ratio included block, treatment, and block x treatment. Pen within block x treatment combinations was the residual testing term. Further, daily DMI for each of the first 4 wk of the experiment and each subsequent 28 (or 21)-d period was analyzed with the same model as overall performance data. Carcass data were entered on a n individual steer basis and analyzed with a model that included effects for block, treatment, block x treatment, and pen within block x treatment combinations. Pen within treatment x block combinations was specified as the error term for testing treatment and block x treatment effects. Residual mean square in this model for carcass data (not used for testing) would include individual animal variation.
Fermentation and Rate of Intake Trial. Twelve ruminally cannulated steers (Hereford and Hereford x Angus) were adapted gradually to an unmedicated 75% concentrate diet (Table 11 , dur-ing which time each steer was weighed, implanted with Synovex Sa, and injected with vitamins A and D, Ivermectin, and a seven-way clostridial vaccine (Coopers Animal Health) as in the feedlot trial.
On September 24, 1990, steers were assigned randomly to individual outdoor pens (2.4 m x 6.1 m). Each pen was equipped with a n individual waterer and a fence-line feeder. Steers had ad libitum access to the. unmedicated 75% concentrate diet, fed twice daily (0730 and 1630) for a lo-d period, after which each steer was weighed and assigned to one of three treatments: 1) control (C1 75% concentrate diet; 21 75% concentrate diet containing 6 mg/kg of laidlomycin propionate a-6); and 3) 75% concentrate diet containing 12 mg/ kg of laidlomycin propionate in the dietary DM (L-12). Steers were ranked by BW, and treatments were assigned randomly within BW groups of three steers, such that BW was similar among treatments (average initial BW = 475 kgl.
Steers were allowed 12 d to adapt to treatment diets and were accustomed to the rate of intake measurements on d 9 and 10 of the adaptation period. Rate of intake adaptation was accomplished by placing a flexible rubber container in each fence-line feeder. Approximately half the 0730 allotment of feed for each steer was placed in the flexible rubber container, which was then placed in the fence-line feeder. Flexible containers were tared, which allowed the quantity of feed consumed in a given time period to be calculated. Flexible containers were removed from the fenceline feeder and weighed to the nearest 50 g. Measurements were taken at .5, 1 , 4 , 8 , 12, and 24 h after the 0730 feeding. Fresh supplies of feed were added to flexible containers as needed to ensure that each steer had ad libitum access to feed.
The 1st d of actual sampling procedures was designated as d -2. Before the 0730 feeding, ruminal contents were mixed by hand and a prefeeding sample of whole contents was withdrawn. Steers were then fed a portion of their 0730 allotment of feed in the flexible containers used for rate of intake measurement. Feeding time was staggered at 2-min intervals among the 12 steers, so that subsequent ruminal samples would be withdrawn at a constant time relative to feeding. Additional ruminal samples were collected at .5, 1, 2, 4, and 8 h after feeding. For each ruminal sample, pH was determined immediately with a combination electrode (Orion Model 91-05; Orion Research, Cambridge, MA), after which the sample was strained through four layers of cheesecloth. Strained samples were acidified with 1 mL of 7.2 N HzSO4/100 mL of strained fluid and stored frozen. Rate of intake measurements were obtained, as described previously for the adaptation period, at the same time that ruminal samples were obtained, and at 12 and 24 h after the 0730 feeding. For samples collected at 4 h after the 0730 feeding, 1 mL of strained ruminal contents (collected with a wide-bore pipette) was mixed with 9 mL of a formaldehyde/saline solution. These samples were returned to the laboratory, and protozoal counts were determined by light microscopy (100 x) in a Sedgewick-Rafter chamber. For each steer's protozoal sample, 25 grids (.5 mm x .5 mm x 1 mm) were counted at random in the chamber. The average value per grid was used to calculate the protozoal concentration per milliliter of ruminal contents.
Sampling procedures described above were repeated the next day (d -1). On d 0, steers were maintained on the same treatments, but were switched from the 75% concentrate diet to a 90% concentrate diet (Table 11 , and sampling was conducted as described above. This dietary switch was designed to mimic possible abrupt dietary changes that might occur in practical feeding conditions and that might lead to subacute lactic acidosis. Steers were fed the 90% concentrate diet for the remainder of the experiment, and the sampling protocol used above was repeated on d 1, 6,7, 13, 14,20, and 21. Average steer BW at the end of the trial was 561 kg.
Samples of the 75 and 90% concentrate diets fed during the trial were collected daily, composited, and stored. Dry matter content of diets on sampling days was determined as described for the feedlot trial, Samples were ground to pass a 2-mm screen in a Wiley mill and analyzed for ash and CP by standard procedures (AOAC, 19901. Acid detergent fiber content was determined by procedures of Goering and Van Soest (1970) . Chemical composition of diet samples is shown in Table 2 .
Frozen ruminal samples were thawed and centrifuged at 10,000 x g for 10 min. Supernatant fluid from this centrifugation was used to determine ammonia (Broderick and Kang, 1980) and D-and L+ lactic acid concentrations (specific enzymatic assay; Sigma Chemical, St. Louis, MO) in samples collected at 0, .5, 1, 2, 4, and 8 h after the 0730 feeding. Samples collected at 0, 2, 4, and 8 h were further centrifuged for 10 min at 10,000 x g, and VFA were determined by gas chromatography with %ethyl butyric acid as a n internal standard (Goetsch and Galyean, 1983) .
The rate of DMI was analyzed by calculating the percentage of total daily DMI at each sampling time t.5 through 24 h) for each steer. Cumulative percentages of total DMI data for each steer were fit to a quadratic model (PROC REG@; SAS, 1987) with cumulative percentage of intake as the dependent variable and sampling time and sampling time squared as independent variables. To evaluate relative differences in rate of intake among treatments, the quadratic equation for each steer was then solved for the time required to consume 25, 50, and 75% of total daily DMI. These data for time required to consume various quartiles of total DMI were analyzed by a split-plot analysis of variance (PROC GLM@ SAS, 1987) with a model that included effects for treatment and steer within treatment Cmain-plot error) in the main plot and effects for day and day x treatment in the subplot. Because of day x treatment interactions (P < .lo) for the predicted time to consume 25% of total daily DMI, data were further analyzed by day with a model that included effects for treatment. Total daily DMI was analyzed (PROC GLM; SAS, 1987) within sampling day with a model that included the effect of treatment. Steer within treatment was the error term for testing treatment effects.
Ruminal variables (pH, ammonia, VFA, and lactate ID-, L+, and totall) were analyzed by a splitsplit plot model with effects for treatment in the main plot, day and day x treatment in the subplot, and sampling time, sampling time x treatment, sampling time x day, and sampling time x day x treatment in the sub-subplot. If interactions of treatment with day and(or1 sampling time were detected, a reduced model was used to analyze data within sampling day and(or1 sampling time. Ruminal protozoa concentrations were analyzed by a split-plot model with effects of treatment in the main plot and day in the subplot. All statistical computations for ruminal variables were done with PROC GLM of SAS (1987).
Results and Discussion
Feedlot WaZ. Overall performance data for the experiment are shown in Table 3 . No differences (P > .lo) were noted in either initial or final BW, but steers fed L-6 and L-12 had numerically greater final BW than did steers fed C and M/T. Daily gain was not affected (P > .lo) by treatment; however, steers fed L-12 gained 2.6% faster than steers fed C and 4.8% faster than steers fed M/T. Similarly, steers fed L-6 gained 2.1 and 4.2% faster than steers fed C and M/T, respectively. Improvements in ADG were slightly less than those reported by Spires et al. (1990) in a summary of six feeding trials with nonimplanted steers fed various dietary concentrations of laidlomycin propionate. Spires et al. (1990) range, which probably explains our diminished gain response to laidlomycin propionate compared with the results of Spires et al. (19901. Overall DMI (Table 3) did not differ among steers fed C, L-6, and L-12, but steers fed M/T consumed less (P e .01) DM than did those fed the other three treatment diets. With respect to laidlomycin propionate, these results also agree with the summary of Spires et al. (19901, in which laidlomycin propionate fed at 9 mg/kg of diet did not affect DMI, whereas 6 mg/kg resulted in a nonsignificant increase in feed intake. Berger et al. (1991) reported no effect of laidlomycin propionate (12 mg/kg of DM) on feed intake by cattle fed corn:corn silage diets (1.41 to 1.49 Mcal of NE&), whereas Faulkner et al. (19911 noted increased feed intake by steers fed whole shelled corn diets (1.42 Mcal of NE,/kgl containing 12 mg/ kg of laidlomycin propionate.
Overall feed:gain ratio (Table 3) was not affected (P > .lo) by treatment. The L-12 and M/T diet improved feed efficiency numerically by approximately 2.6% compared with the C diet; efficiency with the L-6 diet was the same as that with the C diet. In contrast to our results, Spires et al. (1990) reported improved feed:gain ratio in a six-trial summary with nonimplanted steers fed 6, 9, and 12 mg/kg of laidlomycin propionate. Similarly, Berger et al. (1991) reported a 5.5% improvement in feed:gain vs a control diet with cattle fed highenergy diets containing 12 mg/kg of laidlomycin propionate. The fact that cattle in the present study were implanted may have influenced the feed:gain response with laidlomycin propionate. Faulkner et al. (1991) noted a 4.7% improvement in feed efficiency when nonimplanted steers were fed 12 mg/kg of laidlomycin propionate but an improvement of only 2.6% when steers were implanted with Synovex Sa. 7.9 -24 *C = control, no ionophore; L-6 = laidlomycin propionate, 6 mg/kg of diet; L-12 = laidlomycin propionate, 12 mg/kg of diet; and M/T = monensin plus tylosin, 31 and 12 mg/kg of diet, res ectively.
&tandard error of treatment means; n = 6 pens per treatment through d 112.
c,d,eRow means that do not have common superscripts differ (P e .05).
fMedium-block pens (two pens per treatment). gLight-block pens (two pens per treatment).
As indicated previously, initial and final BW measurements were taken after a n overnight shrink; hence, period data for ADG and feed:gain ratio would be affected by variation in gastrointestinal fill and, as a result, are not presented. Period data for DMI, however, were not affected by fill variation and are shown in Table 4 . Intake of DM during the first 7 d of the trial was least (P < .05) for steers fed the C diet. Steers fed L-12 consumed more (P < .05) DM than steers fed C but less (P < .05) than steers fed L-6 and M/T. Intake during the 1st wk was not ad libitum because of restrictions imposed as a result of weighing and sorting procedures. During the next 7-d period, when steers had ad libitum access to feed, steers fed L-6 consumed more (P < .05) DM than those fed other treatments; this trend continued through the 3rd and 4th wk of the trial, but differences among treatments were not significant. For the overall period of d 1 to 28, steers fed L-6 consumed approximately 5 % more DM than did steers fed C, L-12, and M/T.
From d 29 to 56, steers fed M/T consumed less (P < .05) feed than steers fed the other three treatment diets (Table 4) ; this trend also was evident for d 57 to 84 and 85 to 112. During d 57 to 84, steers fed L-6 consumed the most (P < .05) DM daily among treatments, followed by steers fed L-12. These increases in DMI with L-6 and L-12 diets compared with the C diet were not evident from d 85 to 112, nor were any differences in DMI detected for subsequent feeding periods. It should be noted that after d 112, only medium and light blocks of steers remained on feed, and after d 133, only light-block steers remained on feed.
An overall evaluation of period DMI data suggests that the slight intake stimulation noted for L-6 occurred primarily during first half of the feeding period (through d 84). Intake of DM by steers fed the L-12 diet was generally equal to that by steers fed the C diet throughout the feeding period. As expected (Potter et al., 19851 , M/T consistently reduced DMI throughout the experiment.
No differences (P > . l o ) were noted for any of the carcass variables measured ( Table 5) . Similar results were reported by Spires et al. (19901, except that these authors noted an increase in hot carcass weight with diets containing laidlomycin propionate. A block x treatment interaction (P < .01) was detected for kidney, heart, and pelvic fat (KHP). When KHP data were examined within block, no differences among treatments were evident for light-and heavy-block steers. With medium-block steers, however, C steers (2.17%) had less (P < .05) KHP than did steers in the other three treatment groups (average of 2.38%). Reasons for this difference in KHP among mediumblock cattle are not apparent.
Based on chi-square tests (SAS, 1987; PROC FREQB) for distribution of scores, frequency of liver abscesses (data not shown) did not differ (P > aC = control, no ionophore; L-6 = laidlomycin propionate, 6 mg/kg of diet; L-12 = laidlomycin propionate, 12 mg/kg of diet; and M/T = monensin plus tylosin, 31 and 12 mg/kg of diet, res ectively. k t a n d a r d error of treatment means; n = 6 pens per treatment. CFat thickness measured between 12th and 13th ribs. dl = A maturity.
e3 -Slight; 4 -Small; 5 = Modest; scores greater than 4 = Choice grade; Scores of 3 to 4 = Select grade.
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GALYEAN ET AL. abscess) and combining scores of 1, 2, or 3, the frequency distribution also was nonsignificant (P > .12). Percentage of livers with a score of 3 (A+) was 6.9, 14.5, 11.3, and 2.9 for C, L-6, L-12, and M/T, respectively. Hence, steers fed both of the laidlomycin propionate diets had distributions of liver abscess scores that were quite similar to those of C steers. Tylosin alone, or in combination with monensin, has previously provided effective control of liver abscesses in beef cattle fed highconcentrate diets (Potter et al., 1985) . 90% concentrate diet.
Fermentation and Rate
[P < .lo). 'Values are averaged over four sampling times for VFA and six sampling times for lactate on 10 sampling days. Steers were fed a 75% concentrate diet on the first two sampling days and a 90% concentrate diet thereafter. Control = no ionophore; L-6 = laidlomycin propionate at 6 mg/kg of diet; and L-12 = laidlomy cin propionate at 12 mg/kg of diet.
bIndividual VFA are mol/loo mol. C-dRow means that do not have common superscripts differ (P c .lo).
Ruminal concentrations of L+, D-, and total lactic acid are shown in Table 8 . No interactions of treatment with sampling day and sampling time were detected (P > .lo). Laidlomycin propionate at 6 mg/kg of dietary DM (P < .lo) reduced Dlactate concentrations compared with C and L-12 diets. Total lactate tended (treatment F-value = P < .12) to be reduced by the L-6 diet. No treatment differences were detected for L-t lactate, but values were numerically less for the L-6 diet than for the C and L-12 diets. These data indicate that 6 mg/kg of laidlomycin propionate reduced ruminal lactic acid concentrations, especially D-lactate, and that a dose of 12 mg/kg had no major effect on ruminal lactate concentrations compared with a control (unmedicatedl diet.
Analysis of ruminal pH data revealed a treatment x sampling day interaction (P < .lo); hence, data were analyzed within day. For the within-day analysis, no treatment x sampling time interactions were detected (P > .lo), and means averaged over sampling times within day are shown in Table 9 . Differences in ruminal pH among treatments were generally small, although significant effects of treatment were noted on some sampling days. Zinn and Spires (1987) noted no effect of laidlomycin propionate in high-concentrate diets on ruminal pH in beef steers. Hence, our data, in combination with other research, do not indicate any major, consistent effects of laidlomycin propionate (6 and 12 mg/kg of dietary DM) on ruminal pH in beef steers fed either 75 or 90% concentrate diets.
Ruminal ammonia data displayed treatment x day x sampling time interactions (P < .IO). Analysis within day revealed sampling time x treatment interactions on d 0, 20, and 21, but the nature of these interactions did not preclude evaluation of main effects. Data are presented in Table 9 averaged over sampling time within days. Examination of the data by sampling time within day indicated that the L-12 diet tended to increase the peak (-5 h after feeding) ruminal ammonia concentration on almost all sampling days. For example, on d 0 (1st d of switch to the 90% concentrate diet), the ammonia concentration a t .5 h after feeding was greater (P c .05) for the L-12 diet (20 mg/100 mL) than for the C (11.9) and L-6 diet (8.7). Similarly, on d 20, ruminal ammonia concentrations at .5 h after feeding were 35.4, 17.9, and 10.2 mg/100 mL for the L-12, C, and L-6 diets, respectively (P < .011. This increased peak ammonia 
